This paper explores the effect of geographical location on public risk perception of natural disasters. By conducting an identical questionnaire survey across three East Asia countries (China, Japan and South Korea), the paper finds out that different country has its unique structure of risk perception. Generally, the risk perception of sample residents in Japan weakens as the distance from the risk source increases, which indicates Japanese people's risk perception reflects the actual risk probability. On the other hand, Korean partially and Chinese hardly perceive the probability of existing risks. The findings of this paper imply that risk perception to certain extent relates with existing risk, however, the latter is not always correctly perceived. Economic development, socio-political system, historical and cultural backgrounds will affect public risk perceptions.
Introduction
Risk perception is defined as the personal belief that one can be potentially harmed or to be exposed to the risk. In a risk society claimed by Ulrich Beck (1986) , the risk perception of the public plays an increasingly important role in shaping environmental policy and the risk management and response systems (Slovic, 2000) . The beginning of risk perception research can be traced to the nuclear debate of the 1960s, yet today it still remains as a phenomenon in search of an explanation (Sjoberg, 2000) . Of course, real risk is undoubtedly a primary factor that affects risk perception, as illustrated by some well sited papers (von Winterfeldt, John & Borcherding, 1981; Lichtenstein et al., 1978) . However, numerous empirical studies have reported that risk is perceived quite differently even in the case where the statistical probability of a certain risk is identical. Some scholars have examined the relationship between perceived risks and the type of disaster event and reported a significant result (Ho, Brossard & Scheufele, 2008) . Others tested how various individual-level characters like worldviews, education levels and religious preferences may influence attitudes and perceptions about risk issues and risk events (Kahann et al., 2006) . On the other hand, a large body of literature focuses on how varied risk communication results in the disparity of risk perception under the cognitive-experiential theory or fuzzy trace theory (Epstein, 1994; Reyna & Brainerd, 1991) . Some specific discussion includes the framing effect (Tversky & Kahneman, 1981) , ratio bias (Yamagishi, 1997) and frequency effect (Slovic, Monahan & MacGregor, 2000) . Risk perception is also believed to be affected by risk target, namely, people do not make the same estimate when they rate the risk to themselves, to their family, or to people in general (Sjoberg, 2000) .
Some recent studies have started to explore spatial issues related with risk perception. Teigen (2005) suggests that perceived closeness, whether physical or psychological, can influence perceptions of risk, while some others argue that psychological proximity to hazard has a greater influence (Brown et al., 1992) . In another study, researchers find out that American citizens' risk judgment towards terrorist attack is positively correlated with their geographical distance to the World Trade Center (Fischhoff et al., 2003) . Meanwhile, a spatial mismatch between real risks and perceived risks by the public is reported as well, for example, Brody et al. (2004) 's empirical study shows that people's perceptions of air quality in Texas, U.S.A. are not significantly correlated with scientifically measured pollution level in air monitoring stations. Therefore, as is pointed out, the spatial effect on environmental risk perception is still in lack of scientific and systematic study (Gattig & Hendrickx, 2007) .
Geographical location and natural disaster perception
Among the various environment, health and safety risks, natural disaster is the one whose risk probability is closely related with spatial location. For example, it is self-evident that the closer to a river, the more likely for a house to be suffered during a flood (Fig. 1) , and similarly, residents who live near coastal areas have a bigger chance to be affected than those who live in the inner land during a Tsunami. By conducting an identical questionnaire survey in three East Asia countries-Japan, China and South Korea, this paper aims to provide some explanation of the effect of geographical location on public risk perception towards natural disasters. To our best knowledge, it is the first international comparative research focusing on the spatial effect on risk perception and therefore will contribute to the quite limited studies on this topic. Especially, the following research questions are raised: 1) How does the risk perception of the public vary as the distance to natural disasters changes?
2) Does the geographical location affects public risk perception in a similar or dissimilar way in the three countries? 3) What individual-level and country-specific factors account for the public risk perception?
Located in East Asia, the three target countries share some common historic backgrounds as they are all deeply influenced by the ancient Chinese civilization, at the same time they differ greatly in their economic development (Table 1 .), social and political system as well as natural conditions. 
Survey and Hypothesis
The survey was carried out in 2006, around 3000 questionnaires were sent to residents living in three coastal cities with potential risk of Tsunami-Yokohama, Tianjin, Busan respectively. The initial questionnaire was designed in Japanese and then translated into Chinese and Korean by native speakers who are fluent in Japanese. The surveys were modeled after the Total Survey Design (TSD) method, which attempts to achieve an optimum balance across all areas of effort. In the end, 2278 questionnaires were returned with an average response rate of 73.7% (Table 2. ).
Risk perception was measured through the survey by asking the question: "Using a scale from 0 to 10 where 0 is the least and 10 is the most, how strongly do you feel about the following risks?" Then 29 daily risks including natural disasters, epidemic diseases and incidents appeared in the questionnaire. Individual characters of the respondent such as sex, age, income and education level are recorded. The respondents were also asked to provide the direct distance from their home to the coast line.
As a comparison group, an earlier survey conducted in Japan's Nagoya city and Toki city in 2004 with a sample size of 428 is used together in the following analysis. The main difference between this survey and the cross-country one is that in the Nagoya-Toki survey, the target sample residents are living along the watershed of Shonai River in the inner land rather than coastal area, which indicates they face a potential risk of flooding rather than Tsunami.
For the purpose of this paper, 3 out of the 29 risks are selected for further analysis, namely Tsunami, flooding and global warming. Tsunami is a major threat to coastal residents while flooding is the most frequent natural disaster occurred in watershed areas; the risk of both disasters decreases as the distance to coast line or river bank increases. On the other hand, global warming is a universal natural disaster producing damages to all the human beings with no regard to geographical locations.
Therefore, suppose people make rational decisions, the following hypothesis can be made:
Hypothesis 1: If the risk of global warming is correctly perceived, then people's risk perception Hypothesis 3: If the risk of flooding is correctly perceived, then for residents living in watershed areas, their risk perception will decrease as they stay further away from river bank while for residents living in coastal areas, their risk perception should bear no relationship with their residence location.
Section 4 and section 5 will examine if these hypothesis can be validated or not.
Three tests of spatial effect on risk perceptions
Test 1: First, the relationship between the public risk perception towards global warming and distance from coast line in the three countries are examined. The distance is divided into 6 groups: those who live less than 100m from the coast line, between 100m and 500m, between 500m and 1km, between 1km and 2km, between 2km and 5km, and those who live further than 5km from the coast line. Respondents who state they are not sure about the distance are excluded from the analysis; this is why the number of observations is less than the number of total valid samples. As Fig. 2 shows, Japanese have the strongest risk perception in the three countries, and Koreans' risk perception is stronger than that of Chinese respondents'. The perceived risks are not related with geographical locations in all the three groups, thus Hypothesis 1 cannot be denied. However, we are not sure if this result is due to correct risk perception or merely a coincidence. Therefore, it is necessary to do some further test.
Test 2: In the next step, a similar examination about Tsunami risk is carried out (Fig. 3) , and an interesting pattern is found out: basically, Japanese respondents correctly judge the real risks because their risk perception score lowers as the distance from coast line increases, and an F-test shows that the difference between different distance groups is statistically significant (p-value =0.001). The risk perception of Korean respondents' is partially correct, for a general decreasing tendency can be observed. On the other hand, the risk perception of the Chinese respondents' can hardly reflect existing risk in reality. The result indicates that for Chinese and Korean group, the observation in Test 1 is a coincidence, and as a matter of fact, neither of the Hypothesis 1 and Hypothesis 2 should be accepted. However, for the Japanese group, the two hypotheses seem to be true. To confirm the conclusion, another test is done as follows. Test 3: In this final test, we compare the two Japanese groups (one from coastal area and the other from watershed area) and check how the three risks (global warming, Tsunami and flooding) are perceived in the two groups. As shown in Fig. 4 and Fig. 5 , the score of global warming shows no relationship with distance from coast line or river bank in both groups. For the coastal area group, the score of Tsunami risk has an obvious positive correlation with proximity to coast line (sig. =0.001 in F-test) while the score of flooding indicates a disconnection between distance and risk perception (sig. =0.074 in F-test). At the same time, for the watershed area group, an opposite pattern is found out (p-values in F-tests checking difference between different distance groups are 0.508 for Tsunami and 0.000 for flooding), expect the last group that lives more than 5km away from river bank (as the red circle shows in Fig. 5) . A further look upon this group reveals that the number of samples in this group is merely 10; therefore, it is reasonable to attribute the unexpected score of this group to the inadequate sample size. If this last group is dropped out, then the flooding risk perception will present a perfect pattern that goes down with the distance from home to the river bank increases. The results in Test 3 are totally in line with the three hypotheses made earlier. So far, it is quite convincing to reach the conclusion that geographical location affects Japanese people's risk perception towards natural disaster in a dramatic way and in other words, Japanese people always perceive natural disasters in a more sensitive and correct way than South Korean and Chinese people.
Regression Analysis
Analysis in Section 4 reveals an interesting finding and confirms some of the concern of the paper. To fully understand factors that impact public risk perception, especially the separated influence from individual-level characteristics and spatial effect in different countries, a multivariate regression analysis is done in SPSS.
Three models are established, and the regression result is shown in Table 3 , the dependent variable is the score of perceived risk towards Tsunami, and it is dealt as a consecutive variable ranging from 0 to 10. Independent variables include age, gender, family's annual income, education level of the respondent, and distance from home to coast line. Age is divided into 7 groups with an interval of 10 years. Family's annual income is set based on the actual income level in each country and is treated as a consecutive variable with higher value indicating a higher income. For distance, again those who answered they were not sure about the distances from their home to the coast line are excluded from the regression.
Generally speaking, adjusted R2 of all the three models are quite small and therefore the goodness of fit of the models are not satisfying, which implies that individual characteristics and spatial location are not major factors that affect risk perception. Sex and education level in all three countries are not statistically related with Tsunami risk perceptions. Age and income have no impact on risk perception for Chinese and Japanese respondents, neither. However, for respondents from South Korea, older people and people with higher income show a stronger feeling about potential Tsunami hazard. As for the spatial effect, the regression results confirm the above conclusions from Section 4: for the survey in Japan, all the spatial variables are significant in the model.
For example, compare with residents living within 100m from the coast line, those living at a distance of 100m to 500m from coast line will have a lower score of about 1.2 in their feeling about potential risk of Tsunami, and those living more than 5km from the coast line will have a lower score of about 3.2. For the survey in South Korea, only the last spatial variable is statistically significant, even though the directions of all the other spatial variables are negative (-) in the model. This indicates that South Korean residents living further from coast line tend to think the Tsunami risk is lower than those living closer from coast line; however, they are not as sensitive as their Japanese counterparts, the risk perceptions are statistically different only when the disparity of proximity to coast lines is large enough (<0.1m and >5km). For the survey in China, no pattern can be observed. The direction of the spatial variables is not identical, and none of the variables are significant.
Discussion and Conclusion
By conducting an identical questionnaire survey across three East Asia countries (China, Japan and South Korea) with a sample size of more than 2,200, this paper investigate the spatial effect on public risk perception towards natural disaster. A second concern of the paper is how individual characters influence the risk judgment. The relationship between geographic location and risk perception is a rarely discussed topic in existing literature; the comparative study between the three countries shows that different country has different structures of risk perception. And generally speaking, Japanese basically, South Koreans partially and Chinese hardly perceive the existence of real risks. For natural disasters whose influence is identical across space (e.g. global warming), Japanese people's risk perception is not related with their geographical location; while for natural disasters whose risk is closely related with proximity to the risk source (e.g. flooding, Tsunami), Japanese people's risk perception is weakened as their distance from the risk source increases. This finding supports previous research (Sjoberg, 2000; von Winterfeldt, John & Borcherding, 1981; Lichtenstein et al., 1978) that real risk does affect risk perception, however, the mixed results from the three countries imply that real risks are not always correctly perceived, this is also confirmed by other papers (Brody, Peck & Highfield, 2004) . Some reasons may account for this difference in the capability of risk judgment: First, based on the results of this paper, a country's economic development is one factor that correlates with public risk perception, even though it is not necessarily to be a causal relationship. According to the Hierarchy of Needs Theory by Maslow, physiological needs is the most fundamental level of needs for human beings; safety needs is on a higher hierarchy and only with people's physical needs relatively satisfied, does the individual's safety needs take precedence and dominate behavior. In a less developed economy, its citizens will consider more about physical requirements for human survival like food, clothing, shelter, etc. while the more developed an economy is, the more likely physiological needs will be satisfied and therefore in a developed economy, people will concern more on safety issues like the potential risks of natural disasters. This may explain the different levels of risk judging performances in China-a developing country, South Korea-a new industrialized country and Japan-a highly developed country.
Second, socio-political system also exerts an impact on public risk perception. Previous literature has found that trust in government can influence people's perceptions and reactions to issues of food safety (Houghton et al., 2006; Kuttschreuter, 2006) , and this seems be true for natural disasters too. Japan is well known for its well-designed risk management system and legislation; Japanese government is also among the top countries in Government transparency ranking. Both the central and local governments in Japan have been making great efforts in risk education and risk communication with the public. These measures largely improve the public understanding towards natural disasters and help the public build a correct perception towards these risks. On the other hand, Korean and Chinese governments still have some space to improve in their emergency management and risk information disclosure. The result in Japan's survey not only implies that our respondents have a clear risk judgment, but also indicates they have an identical judging criterion. And this cannot be achieved without the effective risk education from the government.
Third, historic and cultural backgrounds will influence risk perception in one society as well. Due to its special geographical location, Japan has been suffering from the most disadvantageous natural conditions in the world. Frequently occurred disasters have shaped the country's unique cultural character, namely a crisis consciousness embedded in daily behavior (Gao, 2003) . As a result, Japanese people are always prepared to various natural disasters and show more interests in accessing risk information. We believe such a personal concern will lead to a better risk understanding and to some extent explain the better performance of the Japanese respondents in the survey.
Existing literature has pointed out that personal disaster experience also affects individual's risk perception. However, since no Tsunami has occurred in the three sample cities in recent history, the factor of personal experience can be excluded in explaining the difference in risk perceptions in the three countries.
This paper also finds out that individual level characters, especially demographic factors, are not closely related with risk perception. This is not difficult to understand, for risk perception is a highly subjective judgment and may not be affected by a person's physical condition such as income or education. Besides, existing literature argues that demographic factors have different powers in explaining risk perception towards different hazard events (Cummings, Berube & Lavelle, 2013 ). For example, education level is statistically significant for perceived emerging technological risks but not for manufacturing risks (Cummings, Berube & Lavelle, 2013) . Meanwhile, some studies show that some other individual characters like worldview, religious belief, ideology and political identification significantly affect risk perception (Brody, Peck and Highfield, 2004; Cummings, erube & Lavelle, 2013) . Since all these factors belong to the psychological dimension as same as risk perception, their findings are quite reasonable. Also, these papers reveal that preferred media for information seeking somewhat accounts for public risk perception; due to the limited space in the questionnaire, this factor is not tested in our survey.
Risk geography is a relatively new branch in geography discipline. To help the public establish a correct risk perception with regard to space and location is quite important in a society with increasing uncertainty and hazard, since risk perception is closely related with the public's response to the risk, and therefore determine whether the social and economic resource will be allocated effectively. When there is a mismatch between the real risk and perceived risk, the value of land and space will be distorted and economic loss will occur for the whole society. The current paper is a preliminary study to explore the spatial aspects of risk perception, future study can further examine if the explanations provided in this paper can be validated by conducting more elaborate experiments. Future research can also thoroughly check the influence of culture by doing comparative studies between the western and eastern countries. What is more, it is important for policy makers to find out how to improve the public's spatial consciousness towards natural disaster risks through effective risk communications.
